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[AH US J Hldl^AH 

IMwmm 2003.03.17 

S^ggJ SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE 

SAME 

[§i^3E| 1-1998-104271-3 
[CHEiei] 

[ □ £| £J 3 H 3 9-1 998-000230-2 

[SS^ISe^^J 1999-030203-7 

[£Jg£l §SS?|] YANG, Jeong Hwan 

[^&je^&lS3 681009-1659327 
[^aasj 449-903 

SeJAI 396 ^ II e*gfOH&e 109^ 

305 S 

i^m KR 

x-ii 42^21 ^§011 21 & ^sis ai60£°i 
oil °\m mm^A\ s s^tm a. en e.i ej 

^S? (oj) 

PIMS1S3 20 3 29,000 SI 

PK*ftssi 10 0 10,000 a 

0 2 0 SI 

I^IAhS^S] 19 m 717,000 

K1MI3 756,000 S 

[§¥AHWJ 1. fiQf/d- SA1IAH(£S)_1g 
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1020030016450 #^ «]*]•: 2003/4/11 

^M-T"^ # o]^ -^Alofl ^ o]^£S. ^A]^ ^ &i=- Wl^l ^ 

Jr ? tO-t^j ^^ofl ti>i^ Ajq. z^j. mAj^. £i=. 

^•^1 sfl^i Aj-ofl TflolHl- ^tH}. ^2 tiVS^ll ?1MB sfl^ ^ # 

cflAl^ tiVjE^ ^ z^} ^-g- ^S}-Al^ 0)!=-^ ^aJ-a] 

£ 7 
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1020030016450 #^ 2003/4/11 

tiVs^j ^ zl ^{SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING 

THE SAME} 

£ l£ #efl^l ^KE*fl i*H -i3^§- 3-8-*H ^s)^ 

51 9^ 51 8^1 S^ltb *fl^4 TflolB^ ^#^-8; ^<5>7l ^£^14. 
£ lO^r £ 8<H1 £Al*V sfl^ o] ^tg^ 7 l o]^ 7 fl^£olcf. 

51 ll^r #5flS] ^^g- ol-g-^V 2^^<?] ^-g; 3*M43Sl 7fl^^5. SHJ-tt 7 fl 

<51^ ^-^1 J^S] ^> 

100 : aVJE^l 7l# 110 : *fll «VE*fl # 
120 : *]]2 ^-£.^1 # 130 : *j)3 *>5E.*fl # 
200 : *U a>51*fl 300 : XI 2 «}51*ll ^fl^ 

400 : 7fl°lJ= 510 : *fll ^Sl- 
511, 512, 513 : TflolH 520 : *(|2 
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1020030016450 #^ ^^>: 2003/4/11 

520 : A2 f2t 601 : U^b eflB)^ 
602 : 2fl^^ 710 : sflig 

720 : ^£1^-711 = 4^- sflEl 730 : *fl2 sfl^ 

<16> £ av £ ^ ^ gg ^ ^s.^d] ^o.S.^, irf ^M)*>7ti^r *m 

(channel)^ Tfl^lH ^tflA^ #ff-^ *fl\4^f# ^ 

ti Jr£^l #3 ^(lattice) ^sM?} <>1^-:E« f£#X\fQ ^ #5. 

<17> ^*fl*M, av^^l ^^*H ^ ^3<?1 ^=## ©1 

^J^l^E^ ^ ^aj- 4i7>^ ^*Hr ^^Sfofl ^«fl 

. 4^ 1971^ ^ 10/an B^M^I ofl X\ , 1997^1^ -id-^l 0.25 

Ami HSfl^l^, 2003^^1^ ^ -Jd^°l 90nm ^5.^] B3M^ 7l tfl 
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1020030016450 #^ ^7>: 2003/4/11 

*r 9l?i\ i&H*f| ±*§5\- 7]#^ *lv+ 30\i H 37H 54^ 

^ 50«fl ^i, n ^33^1 ^ojA^ 10,000wfl n^ZL ^ ^ofl 

^ $r 1,000 nil *J=^# ^ $1534. ^ 90nm^ B^*l 

iE)°fl « #^7} ^°\) &o.o} M-oj-71- *b 65nm Al^g. ^ E^^ofl 

^5fl2l 0.13^^1 «K£*ll ^^H*^ 200mm^ 3Hs|dfl 70nm ^ ^ ^o] 

Hf H^* r £i=r. zieiq-, 90nm£l *fl2: ^^V^ 300mm^ SIM^M 

50nm *]^§- ^lSt ^^fr ^ 5^. c^l, 6 5nni^ «KE*ll 2fl2 

300mm ^1^- 31 ^H-sM] 35nm^£^ tIHH-I- *&<%*k ^ 54-8: 3}o_3. ^ 

^-71 90nm^ i&E*l) ^HH^ ^efl^ 0.13jum ^-*<H1 7fl^ 

°1* ^ 1.2nm 7iHm ^5)-^-, 50nm^ 7fl°lH ^ ^ 7|# f-o] 71^0] 

SH -2^ £ *i H^liE-m ^ 9X^r ^ 300mm ^ $IMs]# 

^ O.^ °\)^5\JL olcf. ZL5)l4, 7l#^ tfjo^o) it^oflS 

^, ^* ^^Hr 71^- ±7}°} ^^5] 711 MOSFETC Metal Oxide 

Silicon Field Effect Transistor) f^f -fr*l*r^n. ^, ^7s># Jl*^ SJ^r-S. #1 

S^r SH+Cdrift diffusion)^ ^ 7]#£1tt 7]-g- ^ ^a)^ 

^•£^1 ^7>7> 50Mfl <>1# 31 -%^*r°i ^-S-^lS l-^^Jl &JI 544. ^, 

M0SFET 7l^^ i7s>^ ^i^- 7l#<^i 71^-^ <y 7laVole)-ji -g. ^ 
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1020030016450 #^ I]*}: 2003/4/11 

<21> #7] MOSFET 7l^fr 2|i 0.1/m 4|tfl*r*]fe *?-\±f>] ^^S)J1 

ZL^M-, 0.1/zm °l*r^ M-ii-g- MOSFET 7l#ofl oio^A^ ^-^H o)^ ^o. ^ 2 ^ 7 j 

31^)-. at, 3^ ^-S. 10 nm ^^2} *:?HMfe #7> 
7> <8=*>^3 £e]6|| 3.7]} ^t\^7] nfl-g-ofl ^7># =-^^o] 

^i*> <8* r 3. #1^1-5^ 3f7l^ ^Slofl H>%# ^ H^^liE^ ^ &7fl Sjtf. 

<22> o]e^> ^M*>7l M-i^- ^7}£] ^flaj- *^7l£ SHI-g: w>^-o.s 

<23> ^7l^<?l ^ O.S. ^7flo] MOSFET 7l#^ ^Md^MH # jLSf^ o) 

^ ^^--g-t- yj-a^ zielJl #713*1 ;&;*HH MOSFET 

<24>0.1^ o^} ^ojo] CM0S 7] ^o. 1} o_^j. ^^ (space charge layer), 2) 

3) JE^£] #^oj^ €-^11:5. *1*H ZL -^--g-^ol o}*] Ir^^^cf. ^ 
S 7l^^ #ofl 5.6lo S - x) lithography, 2) gate oxide film, 3) shallow 
source/drain extension ^ 4) halo pocket /retrograde well *§ A £ 7l^ -f^o] ojcf. 
<25> o]e^v «M^7l ^tr y o Vo J:^-S 1) -^-^#0] ^jt. Si0 2 # ^ 5^ t)H 

— 2) 7l)o]B 7] <^ (gate delay)* ^ 5^ 7}<£, 3) tIMh 

<*]r?M- ^dLAl^ *}7 r ol^(eiectron mobility)!- #7>a]^ ^ ^ 
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<26> ZL&iq-, 90nm^ «KE.*ll ^flS ^-^H -#7] sjJjL *M*Rr y o Vl £ *VE*fl ^> 

^1 €H ^(strained silicon technology)* °l-§-§>^ %<>] $X^. 

<27> £ 1^ #efl2l €3 ^3^* ^-g-^H °1^£7> ^fl£|*r 

-M^^V^l ^ ZLEflHojcf. £ io. oi^( Intel )a>7> ^ ^el ^(strained Si) 

(effective mobility)!- £H* r :n, 7\3,^-& ^3 -frs. ^(vertical effective field) 

* 

< 28 >£ i* %^5>^, ^til^oi yv^^i- o]-g-*v 7g^(10), 15% ^£21 ^e)^-7lls 

W-t?* £^tr ^(15), 20% ^e]3-7||H4tt ^ 

5^* £^tr ^(16)7} 5L*)s\o] $X^. 

<29> o^j.2)o Si tiV5L^l SOO-GOOKCV/Cm)^^^^ a>-§-^c)-. o] irfl , «V ^ e) ^ 

*ll(10)^r ^ 270(cm7V°s )2] ol^ ^.g. q-Bj-^cf. °H wl^H, 15% ^ 

€--7fl = n}-^-g- ol-g-^^ ^s^-g- |^(15)1b ^ 450(crf/V°s )2] #7} o]^ + 

*1« M-El-iflui, 20% ^£2] ^^-t1|h D M 0 l-§-^ ^&!€-* £*§tr ^(15H1tt 
480(cnf/V°s )£) ^a} o]^ ^.g. ufE]-uflcJ-. 

°ti^* A>-o-^fl ^s]^- #^-<Hl (strain)* #7} o^s-i- 70 % o^v 

7fl^^ ^ $a^. ^.eiM-, £ l^r 2^^<y ^<>1H uls^i ^l^tr ^-HflH. 

o>a] B^aI^e^I £tg ^ ^(strained Si)* 3*r€*l°-S. ^^-(match)^ 

2: 7H^Sl^l olcf. 
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<3i> ^ll?}*!^ 2*>€ 3-2-3. a>5L*ll i*H ^ ^ ^(strained SiM- ^-§-^^ B^^li 

100 nm oj^H^ ^^^5. -g-^-g- ^VgA} 7 )^o] ^5)^] &&71 nfl-g-ofl 

^*>» 71 ^o] d 3} o_S ^^>S]J1 &tf. 90 

nm °l*HHxr # ^ti 1 ! S^CShort Channel Effect)^ TlHH ^s}-^ ^ ^ #ff- 
7> lHJ*Rr ^*\)7\ Q^H , £ ^Jl^ JL-^r <I^EH1 ^ ^ 2=3||*]# 

^ n^ HL^ ^}7Rr ^ <3<* ^HH ^-^H -B-S. ^o] 7 > ^ 

Uj-o]^ uflo} ^^s} Aeflol Afolofl c]-54- ol l^^t}-. 

<32> olofl tflt!- 7fl^i CMOS ^S^H ^(channel )£] 3^1 #e) 7flolB(poly gates) 

A H^li&|7} o]e^ H^Ul^e)* Tri-Gate ±*M5l tb^. #7l 

Tri-Gate 7iMB# A}-g- ^e)^) ^ 

# 7flAi^ ^ o^t}. ^r^r ^-o], ^E]#(strained Si)# °l-g- 

Tri-Gate i7.>7> 90nni °1S}<^ H^l^E^ ^ oi^ -^^*V 71#o1^t ? > 
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#£M ^JjL iflS] 71] ^1 A) ^ ^5L£ #«g ^ ti>£^l ^ ^ 

^# ^ *J"g-] 

<35> ^- s.^^. ^^-7] ^>^, ^ *V ^ AjX|aflofl rcf 

^12: ^ofl S1*>^, «>£^1 7l^h #o)l *lll tiVE*ll ^ ^ #7l *)U «V£ 
^^>( lattice) ^ ^2 ^£^1 4^-, # 

71 ^2 wli^l # ^ #7l m «V£*ll §^-§- *|1 1 «V £ ^] srflli^- ^#^tf. 

*l, #7l ^ 1 1>£^1 Sim #ofl # 7 ] tiVi=^l -S-^^r 3*} ^-## 7}7]^ ^13 

y>£^ll ^^*V ^, #71 ^13 te^ll ^zHH #71 Tfll alS^ll 

^112 tLK£*ll sfl^^- ol ^ #71 #^ ^ -?--§- i^-H, #71 

^112 oV^^l ^el^-Tflenl-^o. f Aj- 7 ) ^3 a> £ ^ ^o. .^^g. ^f-^-cf 

. #7] *f)2 #JE*ll «llsji«^ ^# *§#£M, #7l 7)12 a>3E*ll afl^^ ^ 

71 Till 13VE31 sflBlS] ^rt ^ #13 #ofl ^#^t}. 
<36> ^J^V i£^o} ^ 2 ^^71 W>^^1 

*h£3l 4i7Rr, ^JE^l 71^ #oll Till al£^ -I- Sf-^ *1U ^2#3l- 

#71 Tfll ^2ff ^#5)^, #7l Till tiV£*ll #°lt!: 3*} J^-fr # 

^ 7)12 oli^l if"*Rr ^2 ^2t* ^•tiltJrCf . o] nfl, #71 ^2,^2) 

#7l aliE^ll 71^51 H^H ^Ajsj cg^ofl ^^5]^, #71 Till ^-21-^1 B}-^^ 
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1020030016450 ' #^ <^^>: 2003/4/11 

#7l 71^:^ E^ofl T=3lol ^ofl ^#^cf. S£*b, #71 X]2 

«H?-*r #7) «>iE^!l 7l#°fl 3^3^, #71 Xl2 ^2#-gr #71 XI 2 #5EXl #7l 
«K£Xl 7l^r A>olofl t§#sJol XU tilJEXl ^^tb J*#* XI 3 ShEXl 

<37> .M. ^Ofl rcf2^ ; ^^3)- 7flolH7> ^#*Rr ^CflAl^ #^JL *fl ^ 

* $#*fe #J£Xl #^1 Jf-#* ^Alag jfl^Jf. vll^ ^ o]^$iWr 

<38> ol«r> f 5L^#* #2:*H ^^Hl-i-^1 *W «V£Xl ^} ^ 

XI 2: ^ofl tJ]*H #4*}X1 -a^*H^>, «*3°1 ^>7l ^AHU-ofl <jj *fl XI ^3 7^ 

<39> ^Al<^l 1 

<40> 5. 2 ifl^l £ 7^: ^Sl <a -€*HH ^ #:EX| ^7>«1 XI S «J-^* -£^>7l 

<41> £ 2 D J £ 3| ^"2:^, ^^HHl 4€- ^51X1 ^17} Si XI 2: #M 

tiVHXl 71^(100) #<H1 XU #5.X] #(110)* ^#^r cl"#, XU ti>£Xl #(110) #<>fl Xl 
1 SKEX1 #(110)^1- 4€- ^(lattice) ^-#* Xl2 «KEXl #(120)* *§#$tK 

< 42 > £ 4f ^-s^, xll £ X12 *VEX1 #(110, 120)* #z^H ^SXl 7^(100) #X| 
*Hl ^ Xl2 «KEX1^ ^JlS °1^<X^ XU *K£X1 sfl€(200)* ^#W. 
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<43> 5L 51- *Hl ^>£^1 ^(200) ^Hl ^1 tiVt^ll #(110)4 3*} ^HS* 

^ ^13 St3£.^n #(130)1- «8#th}. °1 , *H3 #(130)£r «hE*ll sflt} 

(200)* a^^i 71^(100) iHl ^^^cf. 

<44> £ 6* ti^f^ , ^fl3 tiVS^l #(130)* ^z}-SH »ll «>£^1 *DU(200)Sl ^-^ ^ 

* #*}^ *fl2 a_V51*)l 3^(300)* ^tt4. 
<45> £ 7^- %v^^ ( ^ 2 tiV£^l sfiHOOOH tiV£*lj 71^(100) ^H] 7llolH#(£A] 

&*)* 4*, ^71 7iHH#* ^zJ-SM ^2 tiVS^l ^^1(300)^1 *)m*Kr 

«o v ^S 7flolH(400)^- ^^^cf. 

<46> ^ ^A)^ofl SX°]^, SKE^l 71^(100)^: ^S^* ^sfe ^ 7}#°}v\ , £5.*fl 7) 
#(100) ^H]^ ^£]€-* i^xr m #51*11 #(110)^ ^£4- o] nfl, ^1 tiVi^l 
#(110)£r 5]= 10~30nm ^*Rr £©1 ^^M. 

<47> ^7) tils^l #(110) -M *fll *K£*1] #(110)^ ^ ^s}-!- -B-S^ *fl2 

*>5L*1] #(120)ol ^#^tK ^, tiVE*|] ^(110) #41^ ^fll #(110)4 
ti: 3*} JH§-* #±=. ^ 2 ti> E ^i ^(i20)ol <g#^c]-. o]9\- 7+^ ^2 #(120)^ 
*f|l te^l #(110)^1 ^ ^sHfJcf. o]^, *fl 2 al^l #(120)4 *U 

#(110)* ^iS. #ol*V 33 £fe ^^s>7] nfl-g-o]t].. n^-eH, ^)2 

3| #(120)£r «LE*ll #(110)* ^ ^ 411- »^ ( ^11 # 

-E*ll #(110)o] tgj^Jg ^4-, *H2 #(120)£- ^ f2f 

^•5)-Al7l7l ^Sl^--7ll = n>^- iE^ |5lf-7f4 0 )Ht *}-§-^H ^W4. #¥-^ 
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1020030016450 2003/4/11 

<48> til-aj-^Tti^r, XU #(110H ^.€\^o_S. ^€ , XI 2 Sh£Xl #(120)* *J 

^S-TflH^o.^. <§^t}-. ^, ^e^-Tfls^-g. i^>^ *j| 2 «V£^] #(120)^: £ 
*g -fr:E#ol =)jL, ^B}€-* i^-SHr Xll <£-EXl #(110)£r #*1 ^cf. o] ^o. > 

XI 1 *L£*11 #(110)* ^ ^(strained si 1 icon)#°l ^tj-. 

<49> <#7] XU HVE.X1 #(110) -M XI 2 SKE.X1 #(120)* 1}^>fe- «o v ^^r ^3 

7>^^>cf. 1-^, ^-^^1 ^JlS X|2 «V£X1 #(120)* ^^^14 ^1^^ 

^(epitaxial) ^<L3- X|2 «KEXl #(120)* ^ SW. «>^*>X1^, XI 1 

«>£X1 #(110) ^Ml oil 3x]^^ ^0.5. XI 2 ^JEXl #(120)* *8^*Kr ?}o] h>^- 

3]5r>cf. o] nfl ( *fl 2 1&5=X| #(120)-gr ^ 10- 90nm %S.&{ ^M|* 7>^cf. 

<so> aV 7 ] ^£X] 71^(100) XI 1 «KEX1 #(110) ^ XI 2 «_K£X1 #(120)* £*V3 

^, XI 1 ^ X12 tiliEXl #(110, 120)* Af^] ^zf ^ ^z^M XI 1 «LEX1 
3111(200)* ^^tt^. °1 XI 1 a>£X] 3flU(200)£- ^Xl 71^(100) XI 1 

<si> ^-71 XI 1 «h£X| 3ifl^i(200)* ^ W ^, XI 1 «KEX1 3m (200) ^Ml Xl3 #51X1 # 
(130)* 4*. ^ ^ X13 teXl #(130)* ^^*H XI 1 «V£X1 

XI 11(200)^ ^ ^ ^ ^Hl XI 3 «>£X1# 3fl^(i31)* 3^.2-3.^, XI 2 XI 
€(300)* spSW. ^7) XI 3 «>-£Xl# 3fl€(131)£r XI 2 *KEX1 X)H(300)* -=?■ 
SI- 7>^lcf. HL^V, XI 3 aV£Xl #(130)£r Xll ^JEXl #(110)4 ^* z> 

^cf. ojj* Xll SKEXl #(110)* ^el-^fLjg. XI 3 #51X1 #(130)^ 

Xll «h£Xl #(110)4 34 ^* ^el^o.^. ^^tl-cf. ^, XI 3 ajrSLXl 
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#(130)£- *fll ^H*H ^(110)4 -g-^t!: ^ ^21 ^ ^flll ^M", *ll 

3 #(130)°1 *l]l a>3E^l #(110)^ sj-^l ^3*1^ 

<52> ^-71 ^12 MK£31 sflBi(300)^: *)13 «V£^1 #(130)* ^SRr "o^l 4^ 4^ 

3. ^tH}. <§J «K£*fl 7)^(100) ^*l*Rr *fl2 «V£^11 2fl^(300) #41 »13 

«>£^ #(130)* ^ ^*Rr ^-f , *(|2 ^JESfl sfl€(300)^r ^#3^ 

<53> ^ ( i^Kr afli al^^l 4 € (200 )£..£.-¥- B] oH^ifl^ o_ S ^3 a]- 

#(130)* *g^*Rr ^^7> $ltf. afll HlH^l ^H(200)^ oflsj^ ^ ^ofl^ 
Hflol^(pre-baking) SE^ He] #e]^ (pre-cleaning) ^^^4. He) 

53 2Ett He] #e]^ ^e]^o] sq«.6|] i-^^ nfl ^s^o] Aj^}. 7 } nfl^-ofl 

5flA]Hflol^ Al^l * ofl^gj-g ^# ^^)*>7l ^*fl ol-g-^cf. aflo}^l He] 

^^IMfe ^V£^l 7l«(l00)-a- ^ 900 °C ^1E<2] ^£<H1^ i-g- -^oV 7>«i^ 
. °1 M °fl^^^ I^^l ^°\]*\$r <9 900°C 

£%£o|H ^ 2^ DlnV Jg-oy ti> £ ^ 71^(100)* 7>^tt^-. °H1 4^, ^l-^-^^Tfl^ ofl 

»]3 #(130)£: 10-100nm Jf*fl.f. 7>^cf. 

^■y) oflsl^^ ## -f-^^ *V*> ^4 ^ 14 ?_W}7fl ^€4. ^ej-g-* 

H^Rr *)U #51^ 2fl€(200H ofls]?»^ ## ^33. tiV£^ ^€ 

(200)^ S^l^r ^e]^- 7jl<l^ #^o] Aj^vcf. o] ^ o. ) »H aV^] 3sfl^(200)^l # 
^ ^e]e31<l<a] *3e]#4 -g-o_}*v 3*} s-Aj* 5>7fl ^cf. 

<54> y|.^-3l§> 7l ]^. ; ny^j ^(100)^ ^^r^* H^Kir 7l^ol^ ( ^1 aV£*fl #(110) 

-8: ^el^- #^li, ^2 #(120)^8- ^1 «>£^ #(110)°-3.^- 
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B\ o]]z\mi ^e]-s 711 sd>^- 5E*h ^3 ^£^11 #(130)^- ^1 

4^(200)^-S-?-E^ oil nl eh ^ #°1 °1 nfl ) *fl 2 tih£*ll #(120)^ ^1 

1 SK£*)1 #(H0)AS^-Ei tiV^O,^ ^^-Al?jcf. ^E1^-711sp>^1 711 spj- 

^11 «K£*11 ^(HO)AS^-Ei ^^!^O.S. ^7>Al^l^ ^Ol HfBJ-^^q-. 

<55> ^-71 ^)12 te^fl 2fl^(300)* ^, *fl2 tiVS^ll 4€(300) ^ TlMH #^°) 

y) TfloiH ^ sl^ ^ ^zj- °i-g.aH ^3 ^Ml* £ 

^ 711 olH #^^r ^^HM 7flo}e (400)1- nfl, afl 2 ti}H^l ^£1(300)^ Til 

<>lH(400)£r ^#51^ ^fl^^l ^cf. °] if*]), Til olH (400) o\] ^-^91 ^no)A-\Wr ^ 
^ ^ ^H^-i- ^*VcK 

<56> # 7 ] 7llolH(400) ^oHl ^4* ^-ir #^>J1 1^S]1- 7flo]H(400) ^ 

^slAfolc^-g- 71101^(400)011 ^Sj-sl^ ^#a.3.fe S^tH(Co), M^(Ni) a 

*r tf(Pb) tJ*}ol l-(design rule)°l zj-^^-lj. av^^ 

<57>#7l *fl2 «h£*f| 35flei(300)^ ^ te^fl 7l#(100)2] ^(source) <8«H 3 

#51 Til 3>S*}jl, *fl2 uliE^l 3fl€ (300)^1 Bj-^ tiVs^fl 71^(100)^1 ^.efl^l 

(drain) <g Til ^tr^r. ^r, ^Ml Sfl^Rr Sfl^Rr =ell 

o] A>oloflA^ ^2 «V£^ s^OOO)^ *l)^o] ^cf. # 7 1 jfl^ #££7}- ol^ ^ 

*iff- tr^f. ^12 «h£*fl 3flH(300)^ Sl^-Sf TllolH 

(400) 7} ^SRr -^^H #3)-^ ^*H, ol E^V TiHE a>S}-^ nfl 7 fl ^fl 

^4 7llolH7l- 91*^^. 
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<58> <^tiV^ 0. Si E^^l^Ei^ ^S.^ ^f£l- ^o} 7 ] o]<5}a^ ^°]7]^ 3*}Q ^ 

2-^ av £ ^ ^W 6 t ^4. *r*lth 3*V€ i*HM *fl^3 ^ 

ol 90nm ^-Sr^ ¥^ ^7}- iH^^r. 

<59> M- ^ofl 4f ^ 2 31^(300), ^ 3*Hl ^-2:1-^3., ^2 «K£*fl sfl^i 

(300)^1 t-^Hr 7flolE(400)# ^ ^ *>7l nfl^-ofl ^jzj- TflolB^ 

^* ^7H^ ^ oicf. a, ^fl^^ 7ilolB(Tri-Gate)7l- ^^tf. o]^ £ 

£ Bel t1MH# ol-g-^ig TflolBl- ^>^>^^- ^-f Jitf ^e)^ ^^^) 

£ ^ ^11: 7fl^ ^ 5lcf. c^H, *fl 2 HVS^I 5flli(300), TflolH ^Vs^, 

7llolB(400), i3|l°H, <^ f cgflo] <3<* ^ ^ ^^A^olc^ - 

MOSFETCMetal Oxide Silicon Field Transistor)^ %-^a}7}7) $]*V ^2i^o}v]-, 
<60> o^a>^o| M 0FET^ p^§ S.^. 7\y\o\ o\) 2 7fl^ n ^ 'S:*^ 

^°ll 711 o]B ^^*>J1 iflofl TflolBl- l^sfb fSt 7>^lnf. A> 7 j ^1 o]B 

^l (-) 71^1 5£fe « 0 Hto.B ^B], TflolB «>B *im 

oil -2.°l7ll iiSj- jEiefloi ^ Jis^ ^^-71- ^71-trCf. wVtflB, 7)]o]H<Hl ( + ) ^ 

^■i- ^ TllolHBcl- ^e) ^^14 3fr7} ^.slM-, TflolBSl ^^M: 

Dj^r ^el^ al^l tfl^l ^>7V s-oj^l £]ol aVcflB ^^-7> ^7>W. ^, 

MOFET^r TflolH ^^l ^J-Eflofl ^ iflJfofl ^7} ^S-H}^ ^o] 

<61> -f-^o.^., * c^jo] <^^^ tiVH^j ^Hfol^o) ^^sj-ofl oj-e}- ^}^. 

°) Si ^l-frS., -=MES ol^ltV cltij-ol^oHA^ ^ ^ JELeflol ^^21 ^*J- ^o] 
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<*| MOSFET ^wH^ nejq-, ^ofl 4=. av^] dLA}-^ *fl2 
£*fl ^€(300), 3*}QSLsL *§<%f^<q ±^ ^ ^efl^l c g^^- 

^*s]7l nfl^-ofl ^ ^eflo] oj^o) ^ ^ 7 >ofl tc^ M 0SFET 



<62> ^A]ofl2 

<63> £ 8^: -g- ^ *UHH 4^" 1&£.*|| €^*>7l ^tt 5*1 3b ^ 

olJL, 5L 9^ .£ 8<*ll *fl^3|. TflolH^l ^*>7] ^S.o]jL t s. 

<64> £ s<Hl £Ai*v y>sf ^-O], ^ ah 011 ah£*fl 4x^>^ 7l#(100H ^|1 ti> 

£*flS ^Aj^ *m ^^#(510)4 *j|l «K£*)1^ t^-S- S-Aj^- *f)2 tiVS^S. ^ 

^^M, ^7} ^S-§-(510)£] f^-'f* ^f-sMl yfl^ls]^ *fl2 ^Sl-(520)* i^-tb 

<65> afll ^-^#(510)^1 ^l^l^r TflojE A>^.nVol ^5^, *j| 1 ^#(510)^1^ ^1 

^£#(510)^1 tfl*M 3^Rr 7fM;E(400)7> *£<%&t\-. Aj- 7 ] 7fl°lH(400)£l ^ 

Sjofli^ ^5flo]^(£Al5l^ &£-)7> ^SM, ^1 ^2:#(510) £ 7fl°lH(400)^ K^} 
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^ ^^a>o]^o) ^ ojcf. o] ^11 ^2-§-(510) ^ TflolBUOOH] 

1- (design rule)<>l «1-E^1 #*HH ^ ^s^j-ol c^o) 

<66> ^y] ^fll ^-^#(510)^ <|)^g- *V£*ll 7l#(100H *§S§Q ^^ofl ^^S] Jl, *fll 

^Sl-(510)^ 71^(100)^1 ^eflo] ojctfofl 

<67> ti>£^l 71^(100)^ a>^5|^ i*V^ ajo£ 71^0]^, ^^(gxo) c. 

# IW, ol nfl ( ^S#(510)^ <5HM^ *KE*)1 7l ^( 100)^.5. JfB] ej= 10~30nm 
^£^1 -f-^lS. ^SlJL, §>^-« *fli*RV *fll ^-§-( 510)^1 1^*1 ^ 9j io~ioOnm 3 

<68> 7\}2 ^2#(520)£r *fll ^Sl-(510)^ ^ ^2:^ -B"£^ *fl2 ^S.^]S. ^ 

^cf. rcj-51-A^ ^2 ^2:#(520)^ afll ^2#(510)£r ^°1*V ^(lattice) ^H3* 

<69> AJ. 7 1 ^ 2 ^2.^.(520)0. ^^.o) ^ zji^S. <£S}-Al7l7l <f\i5}<*\ ^^-7])^}^- ^ 
^Z\^-?}K}o)EL^r A}-g-75}<*| ^1 1 ^^l" (510) ^1 ^^r±S. ^3^, *ll2 ^7 

2#(520)^r ^sl^-7ll = n>^-o.S ?A 0 ) -#7) *\)2 ^#(520)-^ 

*fll (510) 51 #^^-1- a>£^l 71^(100)^11 tfl^H y o v ^°J ^-f- 

sr>£-^- till^n}-. ^, ^S#( 510)^1 ^Y^l *112 ^#(520)^1 ^°1 a}- 
^ T^S ^^^cf. ol nfl ; ^2 ^E-§-(520)£- ^el^* i^rRr ^1 ^£-§-(510)3. 

^€ ^ Slcf. y>^3i^>7ll^, ^12 ^#(520)^ °J 
10~90nm ^£^1 ^7)1 ^ ^^1}. 
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*Hl ^#(510)3* 7flo)E(400) A>o]ofl^ 7]] O]^ ^S^o) 7fl?fl3£]^ i ^1 ^^#(510) 
A cH ^#(510)^1 tfl*M ^iHsRr 7llolH(400)7> <^7l^ f 

*fll ^Sl"(510)^r TflolH (400)2}- ^^-5)^ ^o] ^cf. ^S(510), , *1|\^8r 

^ fS7} ^Cf. *fll ^2:#(510)£r TflolH 7l|3||SM Tfl °1 2=L(400)°fl <3^€ 

t*. ^7H, *fll g »12 f2f (510, 520), 7fl °1H #3^-, TlH ^(400), ^H^, ^ 

^ =efl°J ^ ^^a|.o1je. f> ^ M0SFET1- 7 ] 7} 

^S#olcf. a o v 7 ] MOFET^ TflolB #eJH1 rt^-ej- *fl^ xflJfofl j&s^ ^sj. 

tfl^lS, M0SFET-& %-^X\7}7} 7flolH(400)^l (-) £<?M: 1&E*1| 7^ 

(100)«=1| W #3, 7flo]e t3\sL zm 6 *) 5L°"M1 3 

o] iisq- ^efloi A>cl^. jtjh^ 71^-7} ^7>*Vrf. i&tflS, 7lHm(400Hl ( + ) 
^ 7flo]B(400) iH} ^e) ^^uj- ^-41^. neiq-, tIHB^ 

«V£*I1 ifl^ ^^ofl £ ol7ll £)<H tiVcflS. ##7> #7>^. <£X\ 

Sa<H>H, *fll ^#(510)^: 3*H13Sl ^S#ol^, 7flo]H(400)^ll cfl 

*V°1 ?fl^ TflolH 3*13(5111, 512, 513)°1 ^^^tf. ^J^-^, 4ii * ^sfl^l 
#^ ^o]^ ti> £ ^) c]H>ol^ i^SM 4^ ^>^lx^. o] S ^ ol-fi-S., ^£5. n}^tb 
^H^H^ ^ =eflo] <^«^ 7^*J- ^o] ^7>*M M0SFET ^Hi 7-] 

^l^lCf. ^4, £ t^l ty^r «V£^] i7>^ 71^2] f2fi H]^>^ 

^ 7flolH7> ^*}^ 7flo]H ^#^(5111, 512, 513)^1 ^tflSH H^^l^B^ ^ 2) 
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^■71 *]2 ^S#(520)<^] afll ^#(510)^ ^ ^7} ^-Sl-^cf. o.s 

*112 ^#(520H i^>fe- ^e)^-7)lsp>^-oil afli ^-^#(510)^1 3. 

f-*Kr ^^r°\) ^-£^4. °)^, ^^^-7l]sn>^-^ ^e)^ 3*} ^ 

7> ^fl^l iH^H, ^<>1 £3 ^27> ^2)-^ ^€"8: ^H^€" 

(strained si 1 icon)°|ef tr^. -#7] afll ^2:1- (510)21 ^ ^21- ^1 ^2 

#(510)# S^fe ^Jff-o] ^^vol ^o] #7l ) ^cf. £ i 0 o)l £A]^V W >2]- ^o), 
ol^Sl #^ cj^S^r <U a J:3 0 J 3*j.(60lHl^ iicf £^ z^f 

(602)oflA-l ^^cf. o]^^ ^^3. vfl«-o^ ^ ^27} ^SfSH ^Hl ^*Hr ^R 1 " 

\t Jl-4, 7flo]3 #5^* ^tb ¥^^^-7]- ^^-Cf. 7fl^§>7l 3]^*]^ 7)1 °] E 

*\<£ ^o] ^A^>rl-. ZL^u|, ^Efl°l av^l ^fl^o. - 7fl o^ ^ A}o ]6\] 

2) ^<5Rr ^} em-Til sn^ff-l- ^-g-tb 2*R13 0 J ¥3:^^-. ^HflSl 

^£]^-7llsp]-^- ol-g-tr 2*r€3°J ^fl^^r 3*r^3°J *fl1^1 /fl^S IE lH 

£Al^ ^-ol ^&|^-711sd>^- sll (720) °1 ^-*r<>11 7fl« 0 >^c]-. Stb, ^111 sfl 

11(710)2}- ^12 ^el^- 3fl^(730)£r *\2. <3-f-£l*l ^-tr^r. ^^2] 

*1 ^el€" ^^}-Sl o> ^-cf. ZLE^, ^Sl^-7l]S.n>^- 3fl^(720)^l 

^, *fl^3 ^l-^^l^ THojE AV^nVol ^^sl^ ol^ ^ ^2,7} 

cf. S*V, si €-711 3flli(720)^ Sit!" ^5^€ 2flll#(710, 730)^1 
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^^cf. #7] ^^^-7fls.D>^- 4^(720)^: 3fl^l-(710, 730)4 3#*Rr 

£ -^S^H^ -fHJ-*H, -gs^ afl^=-(710, 730)^1^ l-^-^*V ^^o] 

^-Tfl sp>^ 2fl^ol Z}o] ^0.3. ^-f-^Tll ^^H, ^> ol-^tE ^ ^ ^H]^- 7 fl 
<74> a. x^ofl ^eTg, iflJjL6|| ^^^4 cf^ 3*} ^£f|- #-f- 

<75>^tb, ^Bl^-7flsp>^ ^-g-^ HV^^l ^ofl ^-g-^ 

<76> tf}<2}- ^-ol, W >^tl- ^Hll"# ^25}^ ^^^l^ *fl^ 7l# £ 

0>cq ^^WS ^7151 JL^^-lgiflofl 71 7H 51 ^ ^ ^^^El 
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11 

«V£*fl 7m ^Hl *fll «hE*ll * ^ -8-71 afll tiV^^l ^7>>( lattice) 

*|]2 »l5Lx\) %■ ^ ^-71 *fll avs^l ~ o. ^^><^ tij-^^i sflig-l- ^*Kr # 
^-71 *fll 1>5L^1 3fl^ ^ofl ^-71 *fll #4 ^<^tb S^-g- ^13 

^71 ^13 ^£^11 ^^HM -8-71 sfl^-i: ^12 aVJE^l] *H€* 

[^n 1 * 2] 

*fl 1 %H1 5^1, ^"71 *fll ti>£^ ^ ^El^|- i^>H, A oM »I2 ^51*11 ^ 
33 

4] 

*)1 2 *<H1 &°H, ^-71 ^]3 y>£^l §^ ^sl^# 5£^-*Hr 3* ^ios. ^-£^1 

^7>S] ^2: « 0 Vl 3. 
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53 

^1 1 IN #7l ^12 «hE3l ^-71 *fll tiV^^l sjjfcHl z\ Mf>}^ i&^SL 

73 
83 
93 

*fl 1 %H1 Sl^H, #7] ^ ^12 «>iE^ sfll^H 1-^1-^ ^^Hr #7fll- 
l^^-Q 103 
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#7} ^]1 #-f-*><^ <8#SM, ^"71 *fll ti>£^l ^flW #°1^ 3*} # 

113 

10 %H1 91°]*], ^7} m ^ #7l a>£^ 71^- ^Hl #7l *fli ^s#<Hl tfls}- 

123 

11 #7] *fll ^^#4 #71 7]|olH A}°H ^1 A>5(-^ 
i^V^r 33 * ^^SLS. Z}^ *hE*fl 4l7> 

[^t 1 * 133 

*fl 11 1H1 #7l TflolH^ #^°fl ^€ ^elA>ol=^ ci 3Lf-*>^- 

* ^^SLS. a>£^ *3]2: w o V ^ . 

143 

10 %H1 5a<>H, ^"71 *fll ^2f2] o^o. ^. 7l aV^^ 7 |^.^ o^c]) 
<8«H #71 *1]1 Ej-€=^ ^-7] tiV£^l 71^5] Ef^-ofl ^eflo] 

cg^ofl ^#5^ ^ *J:5L*)1 4i7>. 

[%^%1 153 

^ 10 "%H1 S^i, ^-71 ^ i av^^i 4^0. ^^M, #7l A}2 til£^] sfl^i 

^e)^-7llsn>^ if-<5Kr 33* ^ <LS ^ *>5^1 ^7>. 
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16] 

*)1 15 *M 9lo]*\, #7l ^12 f2fSl *Hffe #7l >£jE*fl 71^1 
£.5. sfe «VE.*ll 4l7>. 
17] 

^ 16 %H1 2H*1, #71 *)12 ^2t^r ^"71 ^2 #51*11 3)1*2}- #71 #51*11 7]^ a>o] 
°)1 ^113 ti>SL^l 2fl€* Dl S^Hr -1^ °.5L *}±= #51*11 ^7>. 

18] 

2)1 17 *J-<>11 #71 *fl3 #51*11 Sfl#^ #71 afll #51*11 3Jfl^2f ^^tb 

^ £^ ^ ^^SLsL <5>^ #51*11 i^}. 
19] 

^11 18 %H1 $X°]*\, #71 *fl3 #51*11 sflifi^r ^el-s-g; i^Rr ?A^r # 

51*11 4:7} . 
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IS. U 

700-1 , 




~1 — ' — ' — ' — 1 — i — ■ — ' — ' — ' — i — ' — ' — ■ — ■ — i — ' — ' — 1 

0.0 500.0k 1.0M 1.5M (V/Cm) 

<M -fl-A <3«1 
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200 
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5 



'1020030016450 



n 2003/4/11 



IS. 10] 



601 



jUUXXXXXJ 




in 



400 



602 




730 
720 
710 
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